Summary &mdash; The effect of a complex of propolis constituents, cinnamic acid and L-lysine, on host defence mechanisms was investigated. After intraperitoneal (ip) application of cinnamic acid lysine complex (CN ·Ly) to mice at a dose of 3 mg/kg for 3 consecutive days prior to inoculation with Klebsiella pneumoniae, a protective effect was observed. The action of CN ·Ly was associated with its ability to provoke proliferation of thymic and splenic lymphocytes and to augment mitogen-induced proliferation, and the release of interleukin-1 (IL-1) and interleukin-2 (IL-2). In all experiments, a solution of L-lysine in a concentration equivalent to the lysine content in the complex was used for comparison. The results indicated that free lysine acted in a mitogen-like manner predominantly on T-lymphocytes. In the complex, lysine played the role of a carrier and exhibited a less pronounced effect.
INTRODUCTION
Propolis is a natural substance with a very complex chemical composition, including benzoic acid and esters, substituted phenolic acid and esters, terpenoids, flavonoid aglycones etc Walker and Crane, 1987; Greenaway et al, 1991) . Although contemporary chemical methods permit determination of propolis constituents, its content cannot be readily standardized.
There is a great need for the active components to be determined and a product with a constant composition to be synthesized. In previous investigations we have used a fraction from natural propolis, obtained after separation of waxes, saccharides and amino acids. It is enriched in phenolic and flavonoid compounds and additionally combined with L-lysine to gain water solubility. This product, the water-soluble derivative (WSD), was found to cause activation of macrophages and lymphocytes, and induction of some cytokines, such as interleukin-1 and tumor necrosis factor (Dimov et al, 1991; Dimov et al, 1992) . Furthermore, to determine its active principles some of the individual WSD constituents were combined with L-lysine and the effect of such lysine complexes on immune mechanisms was tested. Cinnamic acid is one of the natural propolis constituents and can be regarded as a parent molecule of the other phenolics. The complex of cinnamic acid with L-lysine (CN ·Ly) was observed to alter the overall complement activity and the functionl activity of C3 complement component when it was applied to mice and also to enhance the antibody response (Ivanovska et al, 1993) . The purpose of the present work was to extend previous studies on the mechanism of action of the lysine complex in vivo and in vitro. In this study we investigated the protective effect of CN ·Ly in Klebsiella pneumoniae infection in mice and its influence on lymphocyte proliferation, interleukine-1 (IL-1) and interleukine-2 (IL-2) release.
MATERIALS AND METHODS

Cinnamic acid lysine complex
Cinnamic acid (Fluka, Switzerland) was combined with L-lysine (Fluka) at a molar ratio 1:2 as described previously (Ivanovska et al, 1993 (Meltzer and Oppenheim, 1977) . Single cell suspensions of thymuses from ICR mice (1.0 x 10 6 cells in 0.1 ml) were cultured with 0.1 ml serum (1:100 diluted) or 0.1 ml of macrophage supernatant (1:4 diluted) for 48 h. The culture medium contained a submitogenic concentration of PHA (1 &mu;g/ml) and 2.5 x 10 -5 2-mercaptoethanol. Thymic cultures were pulsed for 6 h with 0.5 &mu;Ci/well of [ (fig 2) .
Influence on IL-1 production Serum IL-1 activity of mice treated with CN ·Ly was doubled in comparison to the control animals, while Ly had no effect ( fig  3) . Elevated IL-1 production was detected in the supernatants from pMo, cultured in vitro with CN·Ly and the higher dose (20 &mu;g/ml) showed greater effect. In the case of cultivation with Ly only, the lower concentration of 10 &mu;g/ml exhibited stimulatory action, while a concentration of 20 &mu;g/ml was without effect. As the substances might be present in macrophage supernatants, thymic cells were cultured in RPMI medium containing 10 and 20 &mu;g/ml of CN·Ly or Ly.
The complex caused proliferation of thymocytes in a dose-dependent manner, while Ly showed greater effect in a concentration of 10 &mu;g/ml, than at a concentration of 20 &mu;g/ml. The effect was weaker compared to that of the relevant macrophage supernatants (fig 4) .
IL-2 production
The proliferation of CTLL-2 cells was significantly enhanced when they were cultivated in the presence of supernatants from splenocytes obtained from animals pretreated with Ly with a maximum on the 2nd day. The complex did not exhibit such activity ( fig 5) .
DISCUSSION
Phenolic acids are among the propolis constituents claimed to be responsible for its biological activity (Metzner et al, 1975; Grunberger et al, 1988) . Cinnamic acid is reported to possess antibacterial activity (Ikeno et al, 1991) but like most of the phenolic compounds, it exhibits poor solubility and needs high concentrations of organic solvents, such as Tween-80 or dimethylsulfoxide, which make it inconvenient for many biological assays. It was established that phenolic complex isolated from propolis binds basic amino acids (L-lysine and L-arginine) and forms a water-soluble complex (Nikolov et al, 1987 
